Background: Debate exists regarding which endpoints most sensitively reflect day-to-day variation in chronic obstructive pulmonary disease (COPD) symptoms and are most useful in clinical practice to predict COPD exacerbations. We hypothesized that short-acting β 2 -agonist (SABA) reliever use would predict short-and long-term exacerbation risk in COPD patients. Methods: We performed a retrospective analysis of data from a study (ClinicalTrials.gov registration: NCT00419744) comparing budesonide/formoterol 320/9 μg with formoterol 9 μg (both twice daily) in patients with moderate-to-verysevere COPD; reliever salbutamol 90 μg was provided. First occurrence of reliever use >4 (low), >10 (medium), and >20 (high) inhalations/day was assessed as a predictor of short-term (3-week) exacerbation risk. Mean daily reliever use in the week preceding the 2-month visit was investigated as a predictor of the long-term (10-month) exacerbation risk, using intervals of 2-5, 6-9, and ≥10 inhalations/day. Results: Overall, 810 patients were included (61 % male; mean age 63.2 years; post-bronchodilator forced expiratory volume in 1 s 37.7 % of predicted). First occurrence of low, medium, or high reliever use was predictive of an exacerbation within the following 3 weeks; exacerbation risk increased significantly with increasing reliever use. Mean reliever use over 1 week was predictive of long-term exacerbation risk. Patients with mean use of 2-5, 6-9, and ≥10 inhalations/day exhibited 21 %, 67 %, and 135 % higher exacerbation rates, respectively, in the following 10 months, compared with <2 inhalations/day. Budesonide/formoterol was associated with lower short-and long-term exacerbation risk than formoterol in all reliever-use groups. Conclusions: SABA reliever use is a predictor of short-and long-term exacerbation risk in moderate-to-very-severe COPD patients with a history of exacerbations receiving budesonide/formoterol or formoterol.
Background
The global burden of symptoms in patients with chronic obstructive pulmonary disease (COPD) is high [1] . Underrecognition and under-treatment of COPD can have a significant impact on day-to-day activities and quality of life for patients, resulting in avoidable disease burden, activity impairment [1] , and hospitalization risk [2] .
It remains unclear which endpoints most sensitively reflect the day-to-day variation in symptoms in patients with COPD. Ideally, outcomes in COPD trials should reflect the real-world behavior of patients as well as the potential of treatment to influence both current disease state and future risk [3] . The forced expiratory volume in 1 s (FEV 1 ) is a reproducible and responsive measurement that reflects aspects of the pathophysiology characterizing COPD. However, FEV 1 impairment is only weakly related to overall patient well-being [4, 5] , and other endpoints are needed that are easier to obtain in routine clinical practice and that reflect the day-to-day impact of COPD on the patient, in order to guide treatment decisions [6, 7] . New symptom-based questionnaires address this need, but they may neglect the important information patients report during routine office visits or in surveys accompanied by objective measures of symptom impact [8] . An example of this type of information is the frequency with which patients use reliever medication to control symptoms experienced in the real world.
In asthma trials, the use of short-acting β 2 -agonists (SABA) as reliever medication to decrease symptoms has been accepted as a measure of day-to-day asthma control [9] . This outcome is included in widely used asthma control questionnaires as a surrogate measure of symptom frequency and a reflection of treatment efficacy [10, 11] . Until relatively recently, SABAs were prescribed to COPD patients as background maintenance therapy 1-4 times per day and, traditionally, their frequency of use has not been considered to reflect the variability of symptoms and patients' responses. With the widespread use of long-acting inhaled bronchodilators as first-line maintenance medication in COPD [12] , SABAs are now seen as reliever medication in COPD [13] . Thus, by analogy with asthma, reliever use in COPD may be a sensitive marker of symptom variability [14] and of the extent to which an intervention improves symptom control. Conversely, since increased reliever use is an indicator of sub-optimal control in asthma, it could have a similar significance in COPD, reflecting worsening symptom control or an impending exacerbation. Evidence already exists to show that, compared with as-needed SABA use, regular SABA use is not associated with additional benefit across a range of clinical and functional outcomes in COPD [15] .
We hypothesized that more SABA taken as reliever medication would predict increased short-and long-term risk of exacerbations in patients with COPD, and tested our hypothesis retrospectively by analyzing reliever use collected by electronic diary recording in patients who participated in a clinical trial of budesonide/formoterol (BUD/FORM) or formoterol (FORM) [16] .
Methods
This retrospective analysis was undertaken on data collected in a study (ClinicalTrials.gov registration: NCT00419744) comparing fixed-dose combination BUD/ FORM with FORM monotherapy, in which electronic diaries were used to record as-needed SABA reliever use administered using a pressurized metered-dose inhaler (pMDI) [16] . The study evaluated the effect of maintenance treatment with BUD/FORM or FORM on COPD exacerbations, defined as COPD worsening leading to oral corticosteroid therapy and/or hospitalization, in patients with moderate-to-very-severe COPD [12] who had a history of one or more exacerbations in the previous year. The study protocol was approved by an institutional review board for each of the clinical sites and written informed consent was obtained from patients or guardians before any study procedures were initiated. The study was conducted in accordance with the Declaration of Helsinki, Good Clinical Practice and applicable local regulations.
Study design and methods
The full methodology of this trial has been published previously [16] . Following a 2-week run-in period, current COPD medications were discontinued and eligible patients who met inclusion criteria were randomized to twice-daily BUD/FORM pMDI 160/4.5 μg × 2 inhalations (320/9 μg), BUD/FORM pMDI 80/4.5 μg × 2 inhalations (160/9 μg), or formoterol dry powder inhaler (DPI) 4.5 μg × 2 inhalations (9 μg). Patients were provided with the SABA salbutamol (albuterol) 90 μg × 2 inhalations via a pMDI to administer as reliever medication throughout the study. Medications were not escalated during the trial; however, medications allowed during a COPD exacerbation were oral corticosteroids, single injection parenteral corticosteroids (not depot formulations), xanthines, and inhaled or nebulized ipratropium or β 2 -agonists. Symptoms, and morning and evening peak expiratory flow, were measured daily prior to the administration of the morning and evening dose of study medication. Use of reliever medication was recorded in the morning and evening as number of inhalations.
Patients receiving twice-daily BUD/FORM pMDI 160/ 4.5 μg × 2 inhalations (320/9 μg) and formoterol dry powder inhaler (DPI) 4.5 μg × 2 inhalations (9 μg) were included in the present analysis. Patients receiving the lower dose of BUD/FORM were excluded from the present analysis as it is not a registered product.
Statistical analysis
We assessed two risk profiles for SABA use and exacerbations.
Short-term exacerbation risk (21 days)
The short-term exacerbation risk was evaluated as the relationship between a patient reaching a certain threshold of reliever use in a single day and the probability of having an exacerbation in the next 21 days. This short-term risk was described by analysis of time to first exacerbation after the first time a patient used more than the specified number of SABA inhalations. This was presented descriptively using Kaplan-Meier graphs for reliever use thresholds of >4 (low use), >10 (medium use), and >20 (high use) inhalations in a single day for both treatment groups, with ≥0 inhalations (i.e. all patients) as a reference group. Both the reliever use thresholds and 21-day time period were defined empirically; the reliever use thresholds broadly reflected use in clinical practice based on the authors' clinical expertise, and the time period considered both the longest period of time following deviation from daily reliever use and the known evolution of COPD exacerbations [17] . The data were analyzed using a log-rank test; pvalues were calculated for the comparisons of all groups and then individually against the reference group.
Long-term exacerbation risk (months 3-12)
The long-term exacerbation risk was evaluated as the relationship between mean reliever use during stable treatment in the week before the 2-month study visit and probability of an exacerbation occurring in months 3-12 of the study. This risk was described by analysis of the number of exacerbations for mean reliever use intervals (2-5, 6-9, and ≥10 inhalations/day: low, medium, and high reliever use, respectively), compared with mean reliever use <2 inhalations per day (infrequent). The long-term mean reliever use intervals were defined empirically to broadly reflect mean reliever use over a week in clinical practice based on the authors' clinical expertise, and a 10-month time period was chosen to allow the longest time period between the 2-month visit and study end. We also determined long-term 10-month risk by analyzing the exacerbation rates by treatment in patients: i) reaching mean reliever use thresholds of ≥2, ≥6, and ≥10 inhalations per day; and ii) with mean number of inhalations (< or ≥) in a range from zero to 12 inhalations/day.
The analyses were performed using a Poisson regression analysis, adjusted for over-dispersion, with treatment as factor included for the first analysis. The analyses were not adjusted for additional covariates. Both analyses were presented with rates and ratios with 95 % confidence intervals (CI) and p-values.
The distribution of the frequency of patients' reliever use on each of the study treatments was analyzed using Fisher's exact test.
Results
In total, 810 patients with moderate-to-very-severe COPD were included: 61 % male; mean age (range) inhalations/day), medium (6-9 inhalations/day), and high (>10 inhalations/day) reliever use subgroups, respectively.
Short-term exacerbation risk (21 days)
The first occurrence of reliever use beyond a certain threshold, i.e. low, medium, or high reliever use in a single day, was predictive of an exacerbation within the following 3 weeks (Fig. 1) . The time to first exacerbation differed between the reliever use groups for both BUD/FORM and FORM (p < 0.001; Fig. 1 ). In addition, there was a significant increase in the risk of an exacerbation for patients who had medium and high reliever use compared with the reference group (≥0 inhalations/day) for both the BUD/FORM (p = 0.002 and <0.0001, respectively) and FORM (p = 0.02 and <0.0001, respectively) groups.
Long-term exacerbation risk (months 3-12)
Mean daily reliever use over 1 week preceding the 2-month visit was identified as a predictor of the longterm 10-month (i.e. months 3-12) probability of an exacerbation. Patients with a mean use of 2-5, 6-9, and ≥10 inhalations exhibited 21 %, 67 %, and 135 %, respectively, greater exacerbation rates in the following 10 months relative to patients with a mean use of <2 inhalations/day; the difference being significant for the 6-9 and ≥10 groups ( Table 2) . For both treatments, long-term 10-month exacerbation rates were greater whenever mean reliever use exceeded thresholds, in the range from 0-12 inhalations/day in the week preceding the 2-month visit (Fig. 2) . In addition, there were more infrequent reliever users in the BUD/FORM group than FORM group and, consequently, fewer patients with ≥2, ≥6, or ≥10 inhalations of reliever medication per day; this was most apparent at higher reliever use (Table 3) . Patients randomized to BUD/FORM had a lower risk of exacerbations than the FORM group (Fig. 3) . Patients with higher mean daily reliever use in the week preceding the 2-month visit had a higher rate of exacerbations during months 3-12 than those with lower mean daily reliever use, over a range of cut-points (Table 2 and Fig. 3 ). This was true for both BUD/ FORM and FORM recipients.
Discussion
In this analysis, the daily number of inhalations of SABA needed for relief of symptoms was a predictor for future exacerbations in patients with COPD and a history of exacerbations in a study of combination BUD/FORM as maintenance therapy. SABA use predicted both shortand long-term risk of exacerbations. High SABA use in a single day was a predictor of the short-term probability Although a relationship between as-needed SABA use and exacerbations in patients with COPD has long been suspected by clinicians, to our knowledge this is the first systematic investigation demonstrating this relationship. Indeed, although an increasing number of studies testing the efficacy of long-acting bronchodilators have used this index as an objective measure of the impact of treatment and a surrogate marker for breakthrough symptoms [18] [19] [20] [21] , none have specifically analyzed the data in relation to the predictive capacity of as-needed SABA use in this context. In this analysis of data from a randomized, controlled study, we showed that as-needed SABA use in COPD patients can predict exacerbation risk over the short (≤21 days) and long (≤10 months) term, if patients are taking appropriate doses of long-acting β 2 -agonist either alone or in combination with an inhaled corticosteroid. Our data suggest that for COPD, as in asthma [22] , reliever use may be implemented as an important parameter for disease stability and future exacerbation risk. If our results are confirmed in other studies, it may be useful for clinicians to monitor patterns of reliever medication use so that they can identify patients at risk for an exacerbation, take steps to prevent the occurrence of a COPD exacerbation and ensure that when these events do occur, they are more rapidly identified and effectively treated. Similarly, patients may be educated to recognize increasing reliever use as a warning sign for an exacerbation and to take steps early to prevent further deterioration.
While we consider these findings to be robust for this group of patients with moderate-to-very-severe COPD and a history of exacerbations, further studies in patients with milder disease are needed before the predictive capacity of the use of SABA as a reliever can be generalized to all symptomatic patients with COPD. Ideally, for implementation in clinical trials, the findings should be confirmed in other large datasets in Fig. 3 Long-term (months 3-12) exacerbation rate by treatment group. Long-term (months 3-12) exacerbation rate by treatment group, for patients reporting <2, ≥2, ≥6, or ≥10 inhalations/day in the week preceding the 2-month visit. P-values are for the analysis of BUD/FORM versus FORM. BUD budesonide, FORM formoterol [17, [23] [24] [25] [26] , including the use of BUD/FORM in combination with a long-acting muscarinic antagonist [17] . However, methodological differences between the studies, specifically a mix of methodology (paper versus electronic diaries, different study duration and devices), meant that this analysis could not be undertaken in a suitably rigorous manner.
The reliever use categories in the present analysis were defined empirically to broadly reflect use in clinical practice based on the authors' clinical expertise, and future analyses should validate reliever use categories to identify specific thresholds that may predict future exacerbations. However, even in the absence of further validation, measures of SABA reliever use could be incorporated into risk prediction tools for exacerbations to initiate early treatment and potentially mitigate an upcoming exacerbation. We have previously developed a risk prediction tool (SCOPEX) based on a range of demographic and baseline parameters from a pooled database of BUD/FORM COPD studies; data from this tool showed that higher mean daily reliever use was a dominant predictor of a COPD exacerbation in the next 6 months [27] .
In agreement with the current analysis, the risk prediction tool showed that FORM was associated with a higher exacerbation risk than BUD/FORM.
As with the original study [16] , it is unclear whether discontinuation of inhaled corticosteroids in those patients who received FORM alone contributed to worse exacerbation outcomes compared with those receiving BUD/FORM. Long-acting β 2 -agonist monotherapy is not recommended in patients with severe-to-very-severe COPD, limiting the interpretability of our data in the FORM only group. We note, however, a trend to undertake studies assessing bronchodilators alone even in severe/Group D patients, so the issue of a non-inhaled corticosteroid approach to Group D -especially those who do not exacerbate frequently -is still being discussed. In addition, we cannot verify whether the number of daily inhalations or occasions of SABA use as reliever medication was exactly as patients recorded in their electronic diaries. However, reliever use was recorded twice daily and entries were permitted only in specific time windows (morning and evening), which prevented retrospective recordings. It is well known that paper diaries may permit retrospective and fictitious entries, and even electronic diaries may suffer from recall errors [28, 29] . Optimally, electronic inhaler adherence monitoring should be used to confirm these records, but the data we analyzed were taken from a study in which this was not undertaken.
Conclusions
SABA reliever use was a predictor of short-(≤21 days) and long-term (≤10 months) risk of exacerbations in patients with moderate-to-very-severe COPD and a history of exacerbations receiving combination BUD/FORM or FORM monotherapy. Mean reliever use over 1 week predicted exacerbation risk, and this risk increased further with a higher number of inhalations of reliever/day. These data suggest that SABA use is an important and practical outcome for assessing both current control and future risk in patients with COPD. Additional clinical trials and effectiveness studies of COPD patients with different disease severity and exacerbation history are needed to validate SABA use as a predictor of exacerbations in both clinical trials and in clinical practice.
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